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(Abstract.)
I This paper contains the results of a series of experimental de terminations of the magnetisation, m agnetic susceptibility, &c., of afferent specimens of iron and steel, in centim etre gramme second mits, by means of the direct m agnetoraetric m ethod shown to me by Sir William Thomson, as founded upon a m ethod originated by Coulomb ,nd mathematically discussed by Green. j A number of thin wires (from No. 20 to 22 B.W .G .) of soft iron and steel were tried in the first elaborate series of investigations. The experiments were varied by varying the stren g th of the magaetising force through a wide ra n g e ; and for each m agnetising force, md for each wire, the experiment was commenced by subjecting th e svire to the application and removal of a longitudinal stress a certain pmmber of times in succession (th a t is, " ons and offs '), while th e magnetisation and m agnetic susceptibility of the wire were deter mined for each degree of m agnetising force, and both while the wire was actually under the influence of a constant pull (a case to be denoted by " on "), and while it was free from a pull (a case to be denoted by " o ff"). In the case of soft iron wires, the effects of suddenly reversing the m agnetising force, and of " ons and offs " after the reversal of the force, were also investigated. Some interesting and remarkable results followed from these experim ents; and the evaluations, made from these results, of the intensity of m agnetisa tion and magnetic susceptibility, are carefully tabulated, and also represented graphically, for the sake of comparison, in two sets of curves-one, which shows the intensity of m agnetisation, th a t is to say, in which the abscissae are proportional to the m agnetising force land the ordinates to the intensity of m agnetisation; and the other, which shows the magnetic susceptibility, th a t is to say, in which the abscissae and ordinates are respectively proportional to the force and the susceptibility.
The curves of the intensity of m agnetisation show th a t the effects of " ons and offs," in augm enting the m agnetisation of soft iron wires, are astonishingly great for low m agnetising forces, and th at, as the latter is gradually increased, the wires seem to lose their reten tiveness gradually, so m uch so, in point of fact, th a t when the i magnetising force exceeds a certain value (60 c.g.s. or so) the operation of " ons and offs " produces no perm anent magnetisa-R . Shida. Determinations [Nov. 23 tional effect; whereas, for a m agnetising force below that valne, the simple reversal of th a t force is not so effective as to annul the pey i, m anent effects of " ons and offs," or even to reverse the magnetic polarities of the wires. B ut an equally, if not more, remarkable result is found in the fact th a t the intensity of m agnetisation of soft iron wires is greater or less while it is pulled than while it is unpulled according as the magnetising force is below or above a certain critical value-a result which confirms th a t given in S ir W illiam Thomson's paper on the " Electrodynam ic Qualities of Metals," P a rt VII. It is quite evident, however, th a t this-critical value is different, not only for different kinds of soft iron wire, but for different amounts of the pull to which the wire is subjected. The singularity of the existence of a critical point in a soft iron wire is only intensified by the fact that, w hilst the perm anent m agnetisational effects of " ons and offs " on a w ire of soft iron and of steel (pianoforte wire a t least) are sim ilar in kind, there is found no such thing as a critical point in the latter, in which the m agnetisation is greater in the case of " off " than in the case of " on " for every degree of m agnetising force. . For high m agnetising forces the curves of the intensity of mag netisation all become asymptotes parallel to the line of abscissae, proving th a t there is a lim it to the m agnetisability of iron and steel, as was first shown by Joule. In the case of " off," the maximum intensity of m agnetisation is found to be approximately 1420, both in the soft iron wires and in the steel pianoforte wire, and in the cases of " on,*" it is more or less below th a t value, the minimum magnetising force corresponding to th a t m agnetisation being in each case roughly 80 units ; while in the glass-hard-tem pered steel wire, to which no w eight was applied a t all, the maximum m agnetisation is found to be slightly lower. The steepness of the commencement of the curves of magnetic sus ceptibility in th e case of the soft iron wires is striking, owing to retentiveness; indeed, the m agnetic susceptibility of these wires varies through a v ast range. Taking, for example, th e case of the soft iron wire of No. 22 B.W .G., in which the weight used for " ons and offs " is 8 kilos., the susceptibility for the magnetising force (about *545) of the earth's vertical com ponent; is roughly 730 for " on " (8 kilos.) and 330 for " off," it is about 65 at the critical point (about 15), while it is only about 17 and 17^ in the cases of " o n " and " off " respectively for the minimum m agnetising force (about 80) corresponding to the maximum magnetisation. On the other hand, the susceptibility-curves for the steel wires are neither so steep nor so regular as those for the iron wires, bu t have a few maxima and minim a ; it is, however, all but certain th at by using a heavier weight than the one actually used for " ons and offs," these irregularities in the curves can be got rid of, and a t the same time, the magnetic sus-
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" tibility of the steel wires for low magnetising forces can be greatly ncreased.
Further details regarding these interesting points are aifficult to describe in a few words, but can readily be understood on -eference to the paper itself.
The results of th e experim ents perform ed upo n th e m agnetisation >f som ew hat th ic k b ars (from *9 to '95 square centim . in section) of malleable iron, h a rd -tem p e re d steel, and cast-iron, are also recorded E l y in th is paper. The in ten sity of m agnetisation of each b a r fo r various m agnetising forces u n d e r different circum stances, is show n by •Ueans of curves, of w hich th e " direct-curves " rep resen t th e re s u lts Obtained by beginning w ith a low m agnetising force, w hich w as Gradually increased to such a h ig h degree of s tre n g th as to m agnetise lie b ar to sa tu ra tio n ; w hile th e " re tu rn -c u rv es " rep resen t the resu lts arrived a t by com ing dow n from a larg e m ag n etisin g force to sm aller and sm aller forces, passin g th ro u g h th e zero, an d g radually Woing up to a larg e m agnetising force on th e n eg ativ e side of th e zero. The direct-curves prove th a t th e in te n sity of m agnetisation of th e isteel b ar is slig h tly g re a te r, a t least fo r h ig h m ag n e tisin g forces, th a n th at of th e cast-iron b ar, b u t is vastly sm aller th a n th a t of th e m alle able iron b a r for all m agnetising forces. T he m ax im u m in te n sity of im agnetisation of th e soft iron, steel, a n d c ast-iro n b ar, is fo u n d to be approxim ately 1,330, 860 and 770 respectively ; w hile th e sm allest m agnetising force g iv in g th a t m agnetisation is ro u g h ly 190, 4o0, and 400 respectively. T he difference in th e in te n sity of m agnetisa tion of these b ars is, no doubt, due to th e fac t th a t th e soft iro n b a r is fa r superior in respect to m ag n e tisa b ility to b o th th e hard -tem p ered steel b a r and th e cast-iron b a r ; a lth o u g h th e difference th a t exists between th e soft iro n b a r and th e w ires in th e in te n sity of m agnetisa tion for all m ag n e tisin g forces is probably due m ain ly to th e effects of the dim ensions of th e b a r, as has been m athem atically dem onstrated by Green. B u t th e chief p o in t of in te re s t lies in th e re tu rn -c u rv e s ; they show th a t in th e case of each b a r th e m ag n etisatio n does n o t reverse u n til th e m ag n e tisin g force exceeds a c e rtain negative value, and th a t th is value is considerable even in th e case of th e soft iro n b ar, considerably g re a te r in th e case of th e cast-iron bar, a n d still g re a te r -enorm ously g re a te r-in th e case of th e steel b ar.
Am illu stra tio n of th e b eau ty of th is m agn eto m etric m ethod b y means of curves show ing th e change in th e d istrib u tio n of m agnetism in a w ire corresponding to th e change in th e m ag n etisin g force to w hich i t is subjected, draw s th e p aper to a close. T he curves decidedly show th a t th e m agnetisation of th e w ire fo r a low m agne tising force is fa r from being solenoidal, b ein g stro n g e r tow ards th e centre, b u t th a t as th e m ag n etisin g force is m ade h ig h er and h ig h er the distribution of m agnetism in th e w ire ten d s m ore a n d m ore to uniform ity, u n til it attains nearly, if indeed n o t quite, a solenoidal state Prof. A. R. F o rsy th .
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when the magnetising force is so high as to give the wire the maxi* mum magnetisation ; thus confirming beyond all doubt what has been pointed out theoretically by Thomson (" Electrostatics and Magne tism ," § 667) and indicated experimentally by Rowland.
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